Mango (Mangifera indica L.) and banana (Musa acuminata) are the most popular fruits in the world and widely cultivated crops in the tropical and subtropical zones. Keitt mangoes and Cavendish bananas are the largest cultivar of these fruits found in the Mozambique market. They are only available for a short period each year mostly during the late summer and early falls. Due to mango and banana fruits high water activity and respiration rate, are perishable foods and require conservation methods for preservation and availability. The aim of this study was to optimize the hot water-calcium chloride concentration treatment regime for improved postharvest handling of mangoes and bananas. The fruits collected were of uniform size, and at greenyellowish maturity stage based on length, diameter, colour and firmness. The process was optimized by experimental central composite design using hot water temperature (50˚C -60˚C) and calcium chloride concentration (2% -4%) with the aid of desirability function. The samples were analyzed for the centesimal composition, firmness, colour, ˚Brix, A w , pH, titratable acidity and vitamin C. The results showed that hot water temperature and calcium chloride concentration were influent on the Keitt mangoes b* colour attribute, pH and titratable acidity as well as the Cavendish bananas firmness, ash and vitamin C content. The optimal conditions of the process were stabilized with the desirable function and, coincidentally for both crops, obtained at 55˚C of hot water temperature dipping and 3% of calcium chloride concentration. The simulated data were similar to the experimental ones. This is the first time that calcium chloride-hot water treatment is being reported as a means of extending the shelf-life of mangoes and bananas. 
Introduction
Mango (Mangifera indica L.) [1] and Banana (Musa acuminata) [2] are the most popular fruits in the world, and also, the most widely cultivated crops in the tropical and subtropical zones. There are several cultivars of these two fruits that come in different sizes, colour, weight and taste. Keitt mangoes are the largest cultivar of Mangifera indica seen in the Mozambique market [3] .
They also are said to be some of the most flavourful and tangy mangoes available. Keitt mangoes are available for a short time during the late summer and early falls. Mango fruit [4] is rich in pre-biotic dietary fiber, vitamins, minerals, and poly-phenolic flavonoid antioxidant compounds. Mango fruit is an excellent source of Vitamin-A and flavonoids like beta-carotene, alpha-carotene, and beta-cryptoxanthin.
The Cavendish banana is the most widely-grown banana cultivar. The fruits of the Cavendish bananas are eaten raw, used in baking, fruit salads, compotes and to complement foods. The banana fruit is composed of a soft, easily digestible flesh, made up of simple sugars like fructose and sucrose. Bananas are also rich in health benefiting anti-oxidants, minerals, and vitamins. However, these fruits upon consumption, these sugars instantly replenish energy and revitalize the body [5] [6] . Due to its high water activity and respiration rate, it is a perishable food and requires conservation methods for preservation and availability [7] .
In majority fleshy fruits like mango [8] and banana [9] , physico-chemical characteristics are more important than other aromatic properties and fruit centesimal composition, firmness, colour, soluble solids, pH, titratable acidity and vitamin C are some of them. Therefore, physico-chemical parameters perception is an important factor for quality evaluation of fruit and vegetable products and critical in determining the acceptability of fresh fruits [10] . Further, physico-chemical parameters of mango [11] [12] and banana [13] [14] had been reported to show variation with specific cultivars, maturity stage and postharvest treatment.
In recent years there has been growing interest in heat-treatments as a method of reducing chilling injury in fruits, and other horticultural crops, thus permitting extended storage times [15] . Heat treatment has been shown to be generally effective as a postharvest treatment on maintaining quality parameters in grapefruits [16] and also reducing chilling injury in tomato fruit [17] during cold storage. Tolerance to low temperature in 'Hass' avocado can be increased by pretreatment with high temperature such as 38˚C hot air and hot water treatments [18] . It has been reported that heat treatment could protect the ultra-structure of [19] .
Apart from heat treatment, other techniques such as calcium salts have also been used in the delay of climacteric fruits ripening process. Calcium chloride has shown promise in quality retention, firmness improvement and extends the postharvest shelf life of fruits and vegetables. Pre-and post-harvest application of calcium may help to reduce senescence during commercial and retail storage of fruit, with no detrimental effect on consumer acceptance [20] . Calcium chloride has been reported to reduce the onset of ripening in Atemoya [20] avocado [21] and strawberry [22] .
Although hot water and calcium chloride as post-harvest losses reduction treatments and shelf-life prolong were already studied, reports on the effects of 
Material and Methods

Material
For this research work, the Keitt mango fruits were bought in Ribaue disctrict (Nampula Province in the north part of Mozambique) and the Cavendish banana fruits from local market of Macate district (Manica Province in the central part of Mozambique) where its geographical coordinates are 15˚05'51" South, 38˚23'22" East and 19˚08'32" South, 33˚64'56" East, respectively. Cavendish banana fruits were harvested in mid-august 2016 while the Keitt mangoes were harvested in January 2017. The fruits collected were of uniform size, and at the green-yellowish maturity stage based on colour, firmness and total soluble solids (Brix). They were transported to the laboratory of "Technology and Food Analyses", Agriculture Division, Instituto Superior Politécnico de Manica (ISPM).
Centesimal Composition Determination
The raw material (Keitt mango and Cavendish banana fruits) was characterised according to its centesimal composition in relation to water content (moisture), ash, crude lipids, crude proteins, fibre [23] The ash content (fixed mineral residue) was measured gravimetrically after calcination of the samples in the muffle furnace (oven) at 550˚C. The fiber was determined by acid hydrolysis. The sugar fraction was determined by the difference between 100 and the total sum of all other constituents.
Firmness Measurements
The mango and banana fruits firmness measurement was determined using a food penetrometer (0.2 kg/cm 2 scale indicator, 10 mm indenter penetration depth and 3.5 mm probe size, ELCOMP (PTY) LTD Midrand, South Africa).
The peel firmness (expressed in × 10 5 Pa) is defined as the mean of the pressure applied on the peel for one second to break the peel. Each fruit was compressed 3.5 mm at different locations of the skin around the fruit equator.
Colour Measurements
Skin colour of the fruit was measured using a colour differential meter (ZE-2000, Nippon Denshoku, Japan) to determine Hunter Lab's L* value (lightness or brightness), a* value (redness or greenness), and b* value (yellowness or blueness) of the fruit at the equator. The colorimeter was calibrated with a white standard tile.
Brix Degree Measurement
Total soluble solids were determined as ˚Brix using a refractometer ATAGO hand held type (ELCOMP (PTY) LTD Midrand, South Africa), which was calibrated with distilled water and maintained at a constant temperature of 25˚C.
Water Activity Measurement
The water activity (A w ) was determined at 25˚C with the use of the Aqualab model CX-2T (Decagon Devices Inc., Pullman, WA, USA).
pH Measurement
The pH was measured by using a pH tester (APEX lab equipment, Hebi City, Qibin District, China), with an electrode for liquids previously calibrated with standard buffer solutions at different pH values (pH = 4.0 and pH = 7.0). The mangoes or bananas were washed, peeled and liquefied using fruit pressing machine (ELCOMP (PTY) LTD Midrand, South Africa) to obtain juice. Fifty ml of mango or banana juice were taken and the pH was measured by direct immersion of the electrode in juice.
Titratable Acidity Measurement
Titratable acidity (TA), expressed as percentage of citric acid for mango and malic acid for banana, was determined by titrating with 0.1 N NaOH. The fruits were washed, peeled and liquefied to obtain the juice. 
Ascorbic Acid Determination
An oxidation-reduction titration was performed according to the method established by Reference [24] . An iodine solution of known concentration was prepared and its concentration verified by titrating a solution of ascorbic acid. The iodine solution thus prepared was, then, used to titrate the respective fruit extracts. The ascorbic acid was expressed as g ascorbic acid per 1000 mL of fruit extract.
Dip Treatment with Hot Water and Calcium Chloride
The optimization of the postharvest treatments for the mango and bananas fruits experiments was conducted in two stainless steel equipment (pan). The temperature of the solutions was measured by a thermocouple. During the experiments, the stainless steel equipment was sealed in order to maintain the internal pressure. Arranged in a single layer, simulating the real situation of fruit handling the whole mango or banana samples were placed in small plastic perforated hammock, closed and then immersed in the solution and each having 3 replicate fruits. These plastic perforated hammocks allow the contact between fruit and solution and the identification of each sample, by their position inside them. All dip assays with the postharvest treatments were held for a total of 10 minutes (5 min in each treatment). Since the water temperature varies, the calcium chloride solution temperature was kept constant at 40˚C. The samples were removed from the solution and immediately immersed in a cold bath composed of ice and cold distilled water. The samples were allowed to cool in the ice water for 20 seconds. This procedure is commonly applied to stop the mass transfer and remove the solution from the food surface [25] [26] [27] . Due to the short contact between the food and the liquid, there is no significant rehydration. They were allowed to drain and thereafter held under ambient conditions. The fruits were carefully dried with paper towels to remove the bath water or solution. The samples were placed in hermetic containers and kept under refrigeration (7˚C) for further analysis within 48 hours after the procedure. The samples were analyzed for the centesimal composition, firmness, colour, ˚Brix, A w , pH, titratable acidity and vitamin C. hot water (X 1 ) and calcium chloride (X 2 ) separately for mango and banana fruits, according to the matrix design (Table 1) .
Central Composite Statistical Design
By means of a regression analysis, each answer (Y) statistically significant was adjusted to a second-order polynomial with the explanatory variables (X n ). The general expression used to predict the behaviour of each response assessed is described as follows:
where Y i is the predicted response and X 1 and X 2 are the independent variables (hot water temperature and calcium chloride concentration, respectively); β 0 is the coefficient for the intercept of the plane with the axis response; β 1 and β 2 are the linear coefficients by the method of least squares; β 11 and β 22 are the variable quadratic coefficients; β 12 is the coefficients of interaction between independent variables; ε is the experimental error. [28] . The three-dimensional response surface graphics, as well as their respective boundary curves, were also obtained.
Optimization and Validation of the Process Conditions
The resulting models were optimized to determine the levels of the variables that For optimization, the predicted response that was not statistically affected with the independent variables (p < 0.05) was not considered. Simultaneous optimization of responses was carried out according to the methodology proposed by Reference [29] . The method is based on converting each response variable
where zero is assigned to an undesirable response and the 1 is assigned to a desirable response. Once the individual desirability functions for the predicted values of each variable response is specified, they are combined into a global desirability (D) through the geometric mean of n individual desirability (Equation (2)) which was maximized (D values close to 1) and reduces the simultaneous optimization to a single value.
( )
Therefore, with the aid of the desirability function the set of optimized conditions of the process of combined hot water temperature dipping and calcium chloride concentration treatment to the selected physico-chemical parameters of the mango and banana fruits was obtained. This took into account the maximization of firmness, fiber and tritratable acidity, minimization moisture, water activity and pH as well as the maintenance of the colour, ash, lipids and vitamin C.
To achieve the validation of the predicted process conditions an experiment was conducted by using the conditions established by the optimization as well as comparing the values predicted by the models to experimentally obtained values.
Results and Discussion
Effect of Hot Water and Calcium Chloride on the Centesimal Fruit Composition
Based on the central composite design (CCD) carried out with two variables, the results on the Keitt mango and Cavendish banana fruits centesimal composition are presented in Table 2 (a) while the effects of the variables are shown in Table   2 (b). From the results on the without degrading the centesimal attributes. This observation may be due to the optimization of specified set of parameter in the current study. When optimizing a process, the goal is to maximize one or more of the process specifications, while keeping all others within their constraints [28] . It can be observed, in Table 2 (b) that, hot water temperature dipping was not statistically influent on centesimal mango fruits composition but the linear term of calcium chloride was influent on the lipids and the quadratic terms of calcium chloride concentration was statistically influent on the moisture content with confidence level of 95%. The interaction between hot water dipping and calcium chloride treatment was statistically significant (p < 0.05) for fibers content.
For banana fruits, it can be observed, in Table 2 (b) that, quadratic terms of calcium chloride concentration and hot water temperature was statistically influent on the moisture and ash content with confidence level of 95%. The interaction between hot water dipping and calcium chloride treatment was statistically significant (p < 0.05) for ash, lipids and fibers content.
Reports 
Effect of Hot Water and Calcium Chloride on the Firmness and Colour Attributes
The central composite design (CCD) matrix with the codified variables and the results on the firmness and colour attributes of Keitt mango and Cavendish banana fruits are presented in Table 3 (a) and the effect of the variables, in Table   3 (b).
It can be seen, in Reference [33] reported opposite behaviour when were assessing the effectiveness of calcium chloride and calcium lactate on maintenance of textural and sensory qualities of fresh-cut mangoes where they noted that fresh-cut mango firmness was increasing when the calcium content used increased. In this work with mango and banana fruits, the high codified variable values reduced the mango and banana fruits peel firmness. Similar fruit peel firmness behaviour was reported by the reference [19] . These researchers assessed the effect of hot water and reported the submergence time and storage duration on quality of dragon fruit (Hylocereus polyrhizus). They observed that increasing of hot water temperature decreased the dragon fruit firmness significantly. Therefore, disturbance in cell structure and membrane damaged on fruit which was soaked in high water temperature was the source of decrease in fruit firmness.
The cell walls are more stable to different treatments, therefore, calcium dips have been employed to improve firmness and extend the postharvest shelf life of a wide range of fruits and vegetables. References [34] and [35] reported that cal- X are the variable quadratic coefficients; X 1 X 2 is the coefficients of interaction between independent variables and R It is desirable that the treatment carries to the smaller colour changes. Similar observations were reported by the reference [33] for Atkins and Kent mangoes when they applied calcium chloride. In a heat treatment, the colour variation is a very complex aspect. It is related to the moisture content, solids incorporated and pigment concentration. This is attributed to the hot water treatment which protect the ultra-structure of the pericarp cells in the heat-pretreated fruits and calcium treatment which decrease the incidence of physiological disorders.
Greater variation on colour is obtained with the higher temperature and high concentrations of calcium chloride [27] . However, the hot water temperature and calcium chloride solution concentrations used in the present work were significantly lower than those reported by the reference [27] . These results indicated that the hot water (X 1 ) and calcium chloride (X 2 ) were the most influential variables over the two responses studied. Therefore, in the present study, mangoes total soluble solids, water activity and vitamin C were not statistically affected (p < 0.05) by hot water dipping and calcium chloride treatment (Table 4 (b)). Quadratic effect related to X 1 showed that the higher the temperature of hot water, the higher is the pH. In a similar way, quadratic effect related to X 2 showed that the higher the calcium chloride treatment, the higher is the pH. Linear effect related to X 1 showed that the higher the temperature of hot water, the smaller is the titratable acidity.
Effect of Hot Water and Calcium
It can be observed, also, in Table 4 for TA (0.18%) and 2 for vitamin C (2.07%).
In the present study, bananas total soluble solids, water activity and pH were not statistically affected (p < 0.05) by hot water dipping and calcium chloride treatment ( X are the variable quadratic coefficients; X 1 X 2 is the coefficients of interaction between independent variables; R 2 is the determination coefficient; A w is the water activity; pH is the potential hidrogenionic; TA is the titratable acidity (%) and Vit. C is the vitamin C content (mg/100g). study, the interaction between hot water dipping and calcium chloride treatment influenced negatively (p < 0.05) the vitamin C content (Table 4( Similar effects were documented for kiwi-fruit [39] . In pomegranate, the ref-
erence [36] also found TA increased significantly during the experiment, while the TSS content decreased gradually with addition of sodium and calcium treatment. These researchers also reported that the concentrations of CaCl 2 delayed the rapid oxidation of ascorbic acid.
Models and Surface Predicted Responses
It can be seen from Table 3 (b) and Table 4 
where X 1 is the hot water temperature (˚C); X 2 is the calcium chloride concentration in the solution (%).
In a similar way for banana fruits, it can be seen from Table 2 (b), Table 3(b) and Table 4 
where X 1 is the hot water temperature (˚C); X 2 is the calcium chloride concentration in the solution (%). The surface responses from the predicted models of Keitt mangoes b*, pH and titratable acidity are presented in Figures 1-3 , respectively. These graphics reflect the influences of two independent variables, namely, hot water temperature (˚C) and calcium chloride concentration in the solution (%). The increase in b* (yellowness or blueness) was observed with low or high values of hot water and calcium chloride concentration where optimal ranged from 55˚C to 65˚C and 0.88% to 2.5% or 45˚C to 50˚C and 4% to 5.12% (Figure 1 ). Therefore, mango fruits which were subjected to high or low hot water dipping and calcium chloride treatment (40˚C to 50˚C and 0.88% to 2.5% or 60˚C
to 65˚C and 4% to 5.12%) produced significantly higher peel colour score showing more yellowness than blueness which might be due to creation of a physical barrier against gas exchange from fruit surface, that may have reduced oxygen intake which is necessary for the biodegradation of chlorophyll [40] .
The influences of hot water temperature (˚C) and calcium chloride concentration in the solution (%) on mango fruits showed increased pH values with X 1 and X 2 extreme combination where optimal was found at central coded variables' value ranged from 52˚C to 57˚C and 2.5% to 3.5% ( Figure 2 ).
Reports on both hot water and calcium chloride on the Keitt mango fruits pH are scarce but the reference [41] assessing the effect of hot water treatment on quality and shelf-life of Keitt mango reported increasing trend in the pH values while the hot water temperature and the processing time were increasing, contrasting with this work where the optimum point is know.
High mango fruits titratable acidity values were found when was combined low hot water temperature (˚C) with high calcium chloride concentration in the solution (%) and the optimal ranged from 45˚C to 50˚C and 4.5% to 5.5%
( Figure 3 ).
Reference [10] tics that define quality of a food [42] but certain treatments may be proposed to accelerate the degradation process, to prevent overall losses of minerals, or to improve the retention of critical components in food. Reference [38] used calcium carbide treatment, hot water treatment, dried plantain leaves treatment, smoked treatment and then polythene bag treatment as induced ripening methods and reported that hot water presented the lowest ash content followed by the control and calcium carbide treatment, meaning that those three treatments
were not acting as ripening inductor but qualities maintainers treatments. Ash of foods is mineral contents having sodium, calcium, phosphorus and potassium, iron, and magnesium that make it valuable not only as a raw material for indigenous soap industries but also in the treatment of soils for acidity [31] [32] and [37] .
The increase in firmness was observed with any values of calcium chloride concentration and hot water optimal ranged from 40˚C to 50˚C ( Figure 5 ). Ref-
erence [43] reported that temperatures higher than 57˚C for 7 -9 min caused defects on the banana peel. However, during this current study, no banana fruit peel was damaged.
Reference [44] assessing the effects of different concentration and applications of calcium on storage life and physicochemical characteristics of papaya (Carica Papaya L.) observed that calcium infiltration treatment at 2.5% significantly affected firmness followed by calcium infiltration treatments at 3.5% and 1.5%, respectively compared with control treatment after storage (without calcium treatment). In this reference [44] report, the infiltration treatment at 2.5% demonstrated the best effect on maintaining fruit firmness compared with other treatments. Differently with the results obtained in this work where calcium dip treatments at 0.88% to 5.12% significantly improved maintenance of fruit firmness but maintenance of firmness tended to be higher in 3% treated samples.
The desired effect of calcium infiltration at 3% on maintaining fruit firmness may be due to the calcium binding to free carboxyl groups of polygalacturonate polymer, stabilizing and strengthening the cell walls.
A firming effect by a combination of calcium chloride dip and heat treatment has also been shown in fresh cut melons by the reference [45] . These results may indicate that the firming effect is accompanied by improved water holding capacity due to a more cross linked pectin network. Additionally, higher water holding capacity could be related to increased firmness due to higher turgor pressure which is supported by higher moisture content and hardness attributes obtained with infiltration treatment at 3%. Figure 6 shows the increase in the vitamin C content with high hot water temperature and low calcium chloride concentration or low hot water temperature and high calcium chloride concentration. The optimal preservation conditions ranged from 50˚C to 55˚C of hot water temperature and 2% to 3% of calcium chloride. Reference [43] In a hot water and calcium chloride treatment, the optimum condition is the one that carries out to the higher firmness and the maintenance of ash and vitamin C content. For Cavendish banana fruits hot water dipping and calcium chloride treatment, the performed statistical analysis based on the CCD resulted on the following ranges: 50˚C to 60˚C of hot water temperature and 2% to 3% calcium chloride concentration.
Optimization of Process Variables through the Desirability Function
The results obtained by central composite design (CCD) showed that only the predicted models of b*, pH and mango fruits titratable acidity were adjusted to describe the experimental data. Thus, the hot water dipping and calcium chloride treatment process optimization of Keitt mango fruits, using the desirability function and considering the condition of the process that results in the higher titratable acidity, the maintenance of b* and reducing the pH values, was performed.
Simultaneous evaluation of mangoes responses in total desirability profile is shown in Figure 7 . By applying the desirability function, the optimal conditions of the hot water dipping and calcium chloride treatment of Keitt mango fruits are 55˚C of hot water temperature and 3% of calcium chloride concentration.
Under these conditions, b* colour attribute is maintained, pH is reduced and fruit titratable acidity is maximized, which presented predicted values of 20.07%, 4.05% and 0.07%, respectively.
In a similar way, the results obtained by central composite design (CCD) for banana fruits showed that only the predicted models of firmness, ash and vitamin C were adjusted to describe the experimental data. Thus, the hot water dipping and calcium chloride treatment process optimization of Cavendish banana fruits, using the desirability function and considering the condition of the process that results in the higher firmness and the maintenance of ash and vitamin C content, was performed.
Simultaneous evaluation of responses in total desirability profile is shown in Pa, ash = 0.62% and vitamin C = 1.66 mg/100g) were, also, similar to the responses predicted by the models, and the standard deviations were relatively low (0.03, 0.03 and 0.01, respectively), indicating that the models suit the responses.
Conclusion
The central composite design (CCD) allowed to conclude that the optimization process of Keitt mango and Cavendish banana fruits was significantly influenced by the two variables studied namely, hot water dipping and calcium chloride treatment concentration and the methodology of simultaneous optimization using desirability function as applied in this study proved to be an efficient statistics tool in maintaining b* mango colour attribute, reducing fruit pH and maximizing fruit titratable acidity and also, maximizing the banana fruit firmness and maintaining the ash and vitamin C content and the optimum obtained was 55˚C of hot water temperature and 3% of calcium chloride concentration.
